1. Introduction {#sec1}
===============

Ovarian cancer (OC) accounts for an estimated 239,000 new cases and 152,000 deaths worldwide annually \[[@bib1]\]. Although China has a relatively low incidence rate (4.1 per 100,000), China\'s large population yielded an estimated 52,100 new cases and 22,500 related deaths in 2015 \[[@bib2]\]. Epithelial ovarian cancer (EOC) is the most common subtype of ovarian cancer \[[@bib3]\]. EOC responds temporarily to surgery and cytotoxic agents; however, EOC frequently persists and recurs \[[@bib4]\]. New molecular targets must be identified to develop targeted therapies \[[@bib5]\].

MicroRNA (miRNA) is a small endogenous noncoding RNA (containing approximately 22 nucleotides) that negatively regulates gene expression by inhibiting messenger RNA (mRNA) translation or by targeting mRNAs for degradation \[[@bib6]\]. Aberrant miRNA expression is involved in tumorigenesis in various cancers \[[@bib7], [@bib8], [@bib9], [@bib10], [@bib11], [@bib12], [@bib13], [@bib14], [@bib15], [@bib16], [@bib17]\].

The role miR-362-3p was investigated in various type of cancer. For example anti-miR-362-3p inhibits migration and invasion of human gastric cancer cells \[[@bib18]\]; miR-362-3p functions as a tumor suppressor in cervical adenocarcinoma \[[@bib19]\] and in renal cancer cell \[[@bib20]\]. These data above indicate that miR-362-3p may played different roles in various types of cancer.

However, the function of miR-362-3p remains unknown. This study aimed to reveal the role of miR-362-3p in EOC. We hope our data will provide insight into the EOC pathogenesis.

2. Materials and methods {#sec2}
========================

2.1. Tissues samples {#sec2.1}
--------------------

For this study, twelve EOC tissue samples (serous subtype) were collected from the Department of Gynecology and Obstetrics, West China Second University Hospital, Sichuan University, Chengdu. The ethics committee of Sichuan University evaluated and approved the use of human tissues. Written informed consent was obtained from all patients enrolled in this study, and all specimens were handled and anonymized as required by the legal standards of China. The clinical and pathological characteristics of 12 EOC patients was listed as below:NOAGEHISTOLOGYSTAGEGRADE**1**72SerousII3**2**46SerousIII3**3**59SerousII3**4**68SerousIV2**5**75SerousIII3**6**53SerousII3**7**54SerousIV3**8**65SerousIII3**9**61SerousII2**10**64SerousIV3**11**49SerousIII3**12**53SerousII2

2.2. Cell lines {#sec2.2}
---------------

Two EOC cell lines, SKOV3 and HO8910, and the normal immortalized human ovarian surface epithelial cells, IOSE29, were acquired from the Type Culture Collection of the Chinese Academy of Sciences (Shanghai, China). Cells were cultured in RPMI-1640 medium with 10% fetal bovine serum (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA) in 6-well plates in 37 °C and 5% CO2.

2.3. Detection of miR-362-3p and MyD88 in EOC samples and SKOV3 and HO8910 cells {#sec2.3}
--------------------------------------------------------------------------------

The miR-362-3p levels in 12 EOC tissue samples and the SKOV3, HO8910 and IOSE29 cell lines were detected via qRT-PCR. In detail, total RNA (10ng is taken for next step) was extracted from each of the 12 EOC tissues using TRIzol reagent, per the manufacturer\'s protocol (Invitrogen, Carlsbad, CA, USA). The miR-362-3p levels were determined using a miRNA RT-PCR Kit (Kaifeng, Biotechnology, Kunshan, China) using a specific stem-loop primer. A diluted reverse transcription product that was a miRNA-specific cDNA was used for each real-time PCR reaction. Real-time PCR was performed using the ABI PRISM 7900 HT Sequence Detection System (Life Technologies, Carlsbad, CA, USA). The thermal PCR profile was as follows: 95 °C for 10 min, then 40 cycles at 95 °C for 15 s, and 60 °C for 1 min. Different combinations of U6 small nuclear RNAs were used as endogenous controls. The ΔΔCT method was used to calculate the expression ratios. The primer sequences used were as follows: miR-362-3p F: AACACACCTATTCAAGGATTCA, R: ACGTGA CACGTTCGGAGAATT; U6 F: CTCGCTTCGGCAGCACA, R: AACGCTTCACGAATTTGCGT; MyD88 F: TCATCGAAAAGAGGTTGGCT, R: GATGGGGATCAGTCGCTTCT; and GAPDH F: CGACAGTCAGCCGCATCTTC, R: CGTTCTCAGCCTTGACGGTG.

2.4. miRNAs and plasmid transfection {#sec2.4}
------------------------------------

In the OC cell lines, miR-362-3p was overexpressed by miR-362-3p mimics and decreased with miR-362-3p antisense oligonucleotides (ASO). miR-362-3p mimics, miR-362-3p ASO and control miRNA were designed and purchased from Sangon Biotech Company (<https://www.sangon.com/>; Shanghai, China). The sequence were miR-362-3p mimics: CCUCUGGGCCCUUCCUCCAG and miR-362-3p ASO: UUAGGAACCUUGGAUCCAUCACAAAA. miRNAs were transfected into cells using Lipofectamine® 2000 reagent (Thermo Fisher Scientific, Waltham, MA, USA). Similarly, For MyD88 overexpression transfection, the pcDNA3.1-MyD88 was transfected into cells to up-regulate the MyD88 level in SKOV3 cells.

2.5. Cell viability assay {#sec2.5}
-------------------------

Cell viability was analyzed via MTT assay \[[@bib21]\]. Briefly, SKOV3 and HO8910 were placed into 96-well plates at a density of 5×10^3^/well. For cell viability assay, MTT reagent was added to the medium at a final concentration of 0.1 mg/ml, and 100 μl of DMSO was added. The optical density was measured on a microplate reader with a 570-nm filter. The measurement were performed in 24h, 48, 72h following miR-362-3p mimics or miR-362-3p transfection.

2.6. Migration {#sec2.6}
--------------

Transwell systems were applied to assay cell migration \[[@bib22]\]. In detail, the transwell chambers (8.0-μm pore; Sigma, St. Louis, MI, USA) were placed in 24-well plates. The miR-362-3p mimics or ASO-transfected cells were fetal bovine serum (FBS)-deprived for 12 h, then subsequently added to the upper chambers. Medium containing 10% FBS was placed in the lower chambers, and the migrating cells were counted after 24 h. We count the number of migrating cells at least for three time.

2.7. Prediction of the putative miR-362-3p targets {#sec2.7}
--------------------------------------------------

Targetscan software (<http://www.targetscan.org>) was used to predict the putative targets of miR-362-3p \[[@bib23], [@bib24], [@bib25]\].

2.8. Dual luciferase reporter assays {#sec2.8}
------------------------------------

SKOV3 cells were seeded at 1×10^5^ per well and were serum-starved for 6 h pretransfection. The 3′-untranslated region (UTR) of MyD88 and the mutated controls were cloned and inserted into the reporter plasmid (500 ng) and the pGL3-control (100 ng; Promega, USA). miR-362-3p mimics (50 nM) were then transfected into the SKOV3 cells containing wild-type or mutant 3′-UTR plasmids, using Lipofectamine 2000 (Invitrogen, USA). Cells were harvested, and luciferase activity was measured for each specimen after 24 h, using the Dual-Luciferase Reporter Assay System (Invitrogen, USA). MyD88 3′-UTR mutants were generated using the Site-Directed Mutagenesis kit (Invitrogen, USA).

2.9. Western blot analysis {#sec2.9}
--------------------------

SKOV3 cells were frozen and lysed in lysis buffer (150 mM NaCl, 50 mM Tris-HCI, 1% Triton X-100 and 0.1% SDS) with the protease inhibitor cocktail and the phosphatase inhibitor cocktail (Cat. No. P5726, Sigma, USA). For MyD88 analysis, an anti-MyD88 antibody (Cat. No, ab133739, Abcam, Cambridge, UK) was used at a dilution of 1:1000, then detect with a peroxidase-linked anti-rabbit IgG antibody (Cat. NO. ab6721, 1:2000 dilution, Abcam). Proteins were detected using ECL western blotting detection reagents (GE Healthcare, USA). The beta-actin antibody (Cat. NO. ab8226, 1:1000 dilution, Abcam) is applied to beta-actin (internal control), Goat anti-mouse IgG (HRP) (ab97040, Abcam) was used the secondary antibody.

2.10. Statistical analysis {#sec2.10}
--------------------------

All experiments were repeated three times. Data are shown as the means ± SD. A two-tailed Student\'s t-test was used to analyze the mean value between two groups; one-way ANOVA was used to test the mean value among 3 groups or more with post hoc contrasts by Student-Newman-Keuls test. P \< 0.05 and P \< 0.01 indicated statistical significance. All calculations were performed using SPSS software (version 16.0, IBM Armonk, New York, USA).

3. Results {#sec3}
==========

3.1. Low miR-362-3p levels in OC tissue samples {#sec3.1}
-----------------------------------------------

To investigate the role of miR-362-3p in OC, we firstly assayed the miR-362-3p levels in 12 OC tissues previously collected from the hospital via qRT-PCR. miR-362-3p levels were lower in tumor tissues than in adjacent normal tissues ([Figure 1](#fig1){ref-type="fig"}A). The mean values of the 12 OC tissue samples and matched adjacent tissue samples were compared, and the mean miR-362-3p value was lower in the OC tissues than in the normal tissues ([Figure 1](#fig1){ref-type="fig"}B).Figure 1Relatively low levels of miR-362-3p in OC tissue samples. miR-362-3p levels in 12 OC tissues and their matched adjacent normal tissues were assessed via qRT-PCR. The relative miR-362-3p levels tumor/normal (log2) are listed (A); the mean miR-362-3p values of the OC tissues and their matched adjacent normal tissues were also recorded (B). These experiments were performed in triplicate ∗P \< 0.05.Figure 1

3.2. Forced miR-362-3p expression inhibited cell viability and migration {#sec3.2}
------------------------------------------------------------------------

The *in vitro* function of miR-362-3p was tested in two OC cell lines (SKOV3 and HO8910). The cellular miR-362-3p levels were tested via qRT-PCR. Compared with IOSE29, the SKOV3 and HO8910 cells showed low miR-362-3p levels ([Figure 2](#fig2){ref-type="fig"}A). Next, miR-362-3p mimics were transfected into SKOV3 and HO8910 cells, which increased the miR-362-3p levels in these cells ([Figure 2](#fig2){ref-type="fig"}B). Next, we analyzed cell viability following the miR-362-3p mimic transfection and found that miR-362-3p mimics inhibited SKOV3 and HO8910 cell viability at the 72 h following transfection ([Figure 2](#fig2){ref-type="fig"}C). Subsequently, we investigated cell migration following transfection and found that miR-362-3p mimics decreased the number of migrating cells ([Figure 2](#fig2){ref-type="fig"}D).Figure 2Overexpression of miR-362-3p inhibited SKOV3 and HO8910 proliferation and migration. miR-362-3p levels of normal human ovarian epithelial cells SKOV3 and HO8910 were assayed via qRT-PCR. The miR-362-3p level in normal human ovarian epithelial cells was arbitrarily defined as 1 (A). SKOV3 and HO8910 cells were transfected with miR-362-3p mimics, and miR-NC mimics were used as negative controls. After 24 h, the miR-362-3p levels in the transfected cells were assayed via qRT-PCR. The miR-362-3p level in the miR-NC mimic-transfected cells was arbitrarily defined as 1 (B). Following miR-362-3p mimic transfection, SKOV3 and HO8910 cell viability were tested via MTT assay at the indicated time point (0, 24, 48, 72h) (C). To assess cell migration, SKOV3 and HO8910 cells were added to the upper chamber with a noncoated membrane in each group. After 6 h, the cells in the lower chamber were counted (D). These experiments were performed in triplicate ∗P \< 0.05.Figure 2

3.3. Downregulation of miR-362-3p promoted cell viability and migration {#sec3.3}
-----------------------------------------------------------------------

Next, we downregulated the miR-362-3p levels in SKOV3 and HO8910 cells by miR-362-3p ASO transfection. The miR-362-3p levels in these two cell lines were suppressed following miR-362-3p ASO transfection ([Figure 3](#fig3){ref-type="fig"}A). miR-362-3p ASO also promoted SKOV3 and HO8910 cell growth at the 72 h following transfection as shown via MTT assay ([Figure 3](#fig3){ref-type="fig"}B). Subsequently, we investigated cell migration following transfection, and miR-362-3p ASO increased the number of migrating cells ([Figure 3](#fig3){ref-type="fig"}C).Figure 3Downregulation of miR-362-3p promoted SKOV3 and HO8910 proliferation and migration. SKOV3 and HO8910 cells were transfected with miR-362-3p ASO, and miR-NC ASO was used as the negative control. After 24 h, the miR-362-3p levels of the transfected cells were assayed via qRT-PCR. The miR-362-3p level in the miR-NC ASO transfected cells was arbitrarily defined as 1 (A). Following miR-362-3p ASO transfection, the cell growth of SKOV3 and HO8910 were tested via MTT assay at indicated time point (0, 24, 48, 72h) (B). To assess cell migration, SKOV3 and HO8910 cells were added to the upper chamber with a noncoated membrane in each group. After 6 h, the cells in the lower chamber were counted (C). These experiments were performed in triplicate ∗P \< 0.05.Figure 3

3.4. MyD88 is one of the target genes of miR-362-3p {#sec3.4}
---------------------------------------------------

To investigate the underlying mechanism of miR-362-3p in OC, we tested the potential target gene of miR-362-3p, MyD88. A previous study showed strong MyD88 staining and poor survival in low-grade serous ovarian cancer \[[@bib26]\]. The online software Targetscan showed that MyD88 is a potential targeted gene. Here, we tested the relationship between miR-362-3p and MyD88 by mutating the binding sites ([Figure 4](#fig4){ref-type="fig"}A). Next, the mutated sites were cloned into a luciferase reporter plasmid. miR-362-3p mimics and the reporter plasmid were cotransfected into SKOV3 cells. The activity of luciferase was assessed 12 h following transfection. Up-regulation of miR-362-3p inhibited luciferase activity, whereas the mutated binding site restored it, indicating that miR-362-3p targeted MyD88 in the SKOV3 cells ([Figure 4](#fig4){ref-type="fig"}B). Next, we determined the MyD88 protein levels following miR-362-3p mimic transfection and found that miR-362-3p transfection inhibited the MyD88 protein levels in SKOV3 cells ([Figure 4](#fig4){ref-type="fig"}C). We then tested the relative Myd88 mRNA levels in the 12 tumor tissues and adjacent normal tissues, and found that tumor tissues showed higher Myd88 levels ([Figure 4](#fig4){ref-type="fig"}D). Then we analyzed the correlation between relative miR-362-3p levels and MyD88 mRNA levels via Pearson\'s correlation coefficient analysis. The relative levels of miR-362-3p and MyD88 were calculated by comparing the miR-362-3p and MyD88 levels in tumor tissue with adjacent normal tissue. The data indicated that MyD88 was inversely correlated with miR-362-3p in epithelial ovarian cancer ([Figure 4](#fig4){ref-type="fig"}E). Furthermore, we up-regulated the expression levels of MyD88 in SKOV3 cells by transfection, and the transfection efficacy was confirmed by Western blot ([Figure 4](#fig4){ref-type="fig"}F). Then, proliferation analysis via MTT assay of cells overexpressing MyD88 after miR-362-3p mimic transfection revealed that MyD88 overexpression partly reduced the antiproliferative effect of miR-362-3p on these cells ([Figure 4](#fig4){ref-type="fig"}G).Figure 4miR-362-3p targets MyD88. The binding sites and mutation location (positions 20--26) are listed (A). miR-362-3p mimics and a plasmid containing either a wild-type or mutated 3′-UTR sequence of MyD88 were transfected into SKOV3 cells. After 48 h, the luciferase activity was analyzed (B). miR-362-3p mimics were transfected into SKOV3 cells and the amount of MyD88 protein was determined via western blot (C). MyD88 levels in 12 OC tissues and their matched adjacent normal tissues were assessed via qRT-PCR. The relative MyD88 levels tumor/normal (log2) are listed (D). Pearson\'s correlation coefficient analysis revealed that miR-362-3p levels and MyD88 mRNA levels were inversely correlated in the OC tissue samples (E). SKOV3 and HO8910 cells (6×10^5^ cells/well) were transfected with miR-362-3p or miR-NC (NC) separately, followed by transfection 12 h later with an empty plasmid or a MyD88-overexpression plasmid (pcDNA3.1-MyD88). The western blot was performed to test the MyD88 protein levels following transfection (F). An MTT assay was performed, and the OD value is presented as the relative cell number. The relative cell number in the miR-NC + vector (negative control) was defined as l00% (G). The full, not adjusted blot image for figure 4C and figure-4F were include as supplementary materials. (SM1: figure-4C β-actin, SM2: figure-4C MyD88, SM3: figure-4F β-actin, SM4: figure-4F MyD88). Each experiment was repeated at least three times. ∗P \< 0.05.Figure 4

4. Discussion {#sec4}
=============

In this study, we found that miR-362-3p played a suppressive role in EOC. miR-362-3p showed lower expression levels in tumor tissues than in adjacent normal tissue. Forced miR-362-3p expression inhibited cell growth and migration, whereas downregulation of miR-362-3p promoted cell growth and migration. The MyD88 gene is the target of miR-362-3p.

To our knowledge, this is the first report of miR-362-3p function in EOC and miR-362-3p showed a suppressive role in EOC. However, miR-362-3p played a oncogenic role in gastric cancer, and miR-362-3p expression induce gastric cell metastasis capacity by suppression of CD82 expression \[[@bib18]\]. We guess that the reason why miR-362-3p showed the opposite role in OC and gastric cancer is that miR-362-3p targeted different genes in various types of cancer.

Previous two studies have suggested that TLR4 and MyD88 expressions are associated with poorer survival in EOC \[[@bib27], [@bib28]\], indicating the importance of the tumor-associated inflammatory microenvironment. In another study, it showed that in high-grade serous ovarian carcinomas (HGSOCs). Interesting, the function of MyD88 seemed have related with the grade of serous ovarian cancer \[[@bib26]\]. It showed that strong MyD88 expression was modestly associated with shortened overall survival, and in low-grade serous ovarian cancer (LGSOC), strong expression of both MyD88 and TLR4 was associated with favorable survival.

Classically, the TLR4-MyD88 pathway could be activated by pathogen-associated molecular patterns, such as LPS and HMGB1, and will regulate the inflammatory microenvironment \[[@bib29], [@bib30]\], TLR4-MyD88 also play unnoticeable roles in tumor or tumor-host response, such as the interaction between HMGB1 and TLR4 dictates the outcome of anticancer chemotherapy and radiotherapy \[[@bib31]\] and TLR4-MyD88 could determines the metastatic potential of breast cancer cells \[[@bib32]\]. Interestingly, it seemed that MyD88 play dual functional roles in colorectal cancer \[[@bib33]\], which indicating the intricate relationship between inflammatory and tumor.

Here our data showed that miR-362-3p may inhibit MyD88 expression, thus it is possible that miR-362-3p may regulate inflammation response and host-tumor response.

MiRNAs may regulate other key factors in the TLR4-MyD88 pathway. MiR-21 is reported to regulate TLR4 by targeting the tumor suppressor protein, PDCD4 \[[@bib34]\]. miR-146a is NF-κB-dependent and targets IRAK-1, IRAK-2 and TRAF-6, which are key MyD88 pathway components \[[@bib35], [@bib36]\].

A shortcoming of this study was the limited number of OC tumor tissue samples and limitation of the in vivo model. Because MyD88 is associated with poor patient survival in EOC \[[@bib27]\], we hypothesized that the low expression of miR-362-3p was associated with poor patient survival in EOC.

In conclusion, miR-362-3p can inhibit cell proliferation and migration and may target MyD88.
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